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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
Thte application s a oontinuation-in-part of U.S. utility application serial number 
09/454,139, attorney docket number 25791 .3.02, filed on 12/3/1999, which claimed the 
5 benefit of the filing date of U.S. provisional patent application serial number 

60/111,293. attorney docket number 25791.3, filed on 12/7/1998, the disclosures of 
which are incorporated herein by reference. 

This application is related to the fbllowing: (1 ) U.S. patent application serial no. 
09/454,139, attorney docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent 

1 0 application serial no. 09^1 0,91 3, attorney docket no. 25791 7.02, filed on 2/23/2000, 
(3) U.S. patent application serial no. 09/502.350, attorney docket no. 25791 .8 02, filed 
on 2/1 0/2000. (4) U.S. patent applicatton serial no. 09/440,338, attorney docket no. 
25791 .9.02, filed on 1 1/15/1 999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791 .1 1 .02. filed on 3/10/2000, (6) U.S. patent appllcatton serial 

15 no. 09/512.895. attorney docket no. 25791.12.02. filed on 2/24/2000, (7) U.S. patent 
applicatton serial no. 09/51 1 .941 , attorney docket no. 25791 .16.02. filed on 2/24/2000. 
(8) U.S. patent appKcatnn serial no. 09/588,946, attorney docket no. 25791 .17.02. filed 
on 6/7/2000. (9) U.S. patent appHcatton serial no. 09/559,122. attorney docket no. 
25791 .23.02, filed on 4/26/2000. (1 0) PCT patent application serial no. 

20 PCTAJSOO/18835, atlomey docket no. 25791.25.02. filed on 7/9/2000. (1 1) U.S. 

provisional patent application serial no. 60/162.671, attorney docket no. 25791.27, filed 
on 1 1/1/1999, (12) U.S. provisional patent applicatton serial no. 60/154,047, attorney 
docket no. 25791.29. filed on 9/16/1999, (13) U.S. provisional patent application serial 
no. 60/159.082, attorney docket no. 25791.34, filed on 10/12/1999. (14) U.S. 

25 provisional patent applteation serial no. 60/1 59,039, attorney docket no. 25791 .36. filed 
on 10/12/1999, (15) U.S. proviskinal patent application serial no. 60/159,033, attorney 
docket no. 25791.37, filed on 10/12/1999. (16) U.S. provistonal patent application serial 
no. 60/212.359. attorney docket no. 25791.38. filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165,228. attorney docket no. 25791 .39, filed on 

30 1 1/12/1999, (18) U.S. provisional patent applicatton serial no. 60/221 ,443. attorney 
docket no. 25791.45. filed on 7/28/2000. (19) U.S. provisional patent applicatton serial 
no. 60/221 .645, attorney docket no. 25791.46. filed on 7/28/2000. (20) U.S. provistonal 
patent application serial no. 60/233,638, attorney docket no. 25791 .47, filed on 
9/18/2000, (21) U.S. provisional patent applicatton serial no. 60^37.334, attorney 

35 docket no. 25791 .48, filed on 1 0/2/2000, and (22) U.S. provistonal patent application 



serial no. 60/262.434. attorney docket no. 25791 .51. filed on 1/17/2001 , the disclosures 
of which are Incorporated herein by reference. 

Background of the Invention 

This invention relates generally to wellbore casings, and In particular to wellbore 
casings that are formed using expandable tubing. 

Conventionally, when a weUbore Is created, a number of casings ar« installed in 
the borehole to prevent collapse of the borehole wall and to prevent undesired outflow 
of driUng fluid into the fonnatlon or inftow of fluid from the fbnnatton Into the borehole. 
The borehole is drilled In Intervals whereby a casing which is to be installed In a lower 
borehole Interval is kywered through a previously installed casing of an upper borehole 
lnten«l. As a consequence of this procedure the casing of the tower intenral is of 
smaller diameter than the casing of the upper interval. Thus, the casings are In a 
nested arrangement with casing diameters decreasing in downward diredkxi. Cement 
annun are provided between the outer surfaces of the casings and the borehole wall to 
seal the casings from the borehole wall. As a consequence of this nested anangement 
a rslativeiy large borehole diameter Is required at the upper part of the wellbore. Such 
a large borehole diameter involves Increased costs due to heavy casing handling 
equipment, large drill bits and increased volumes of drilling flujd and drill cuttings. 
Moreover, increased drilling rig tinne is Involved due to required cement pumping, 
cement hardening, required equipment changes due to large variattons in hole 
diameters drilled In the course of the well, and the large volume of cuttings drilled and 
removed. 

The present Invention is directed to overcoming one or more of the limitattons of 
the existing procedures for fonning new secUons of casing in a wellbore. 

Summary of the Invention 

According to one aspect of the present inventton. an apparatus for fonning a 
wellbore casing In a borehole kxated in a subtenanean famatlon Including a 
preexisting wellbore casing Is provWed that includes a support member Including a first 
fluid passage, an expanston cone coupled to the support member including a second 
fluid passage fluUkdy coupled to the first fluW passage, an expandable tubular liner 
movably coupled to the expansion cone, and an expandable shoe coupled to the 
expandable tubular liner. 

Acconjing to another aspect of the present inventton, a shoe is provMed that 
includes an upper annular portion, an intonnediate annular portfon. and a tower annular 
portion. The intermediate annular portion has an outer drcumfeienoe that is larger 
than the outer drcumferenoes of the upper and lower annular porttons. 
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According to another aspect of the present invention, a niethod of forming a 
weltt)ore casing in a subterranean formation having a preexisting wellbore casing 
positioned in a borehole is provided that includes instaliing a tubular liner, an expansion 
oone. and a shoe in the borehole, radialiy expandir^ at te^ a portion of the shoe by 

5 injecting a fluidic nnaterial into the shoe, and radicdly expanding at least a portico of the 
tubular liner by injecting a fluidic material Into the borehole below the expansion oone. 

According to another aspect of the present invention, an apparatus for forming ^. ' 
a wellbore casing in a subterranean formation having a preexisting wellbore casing 
positioned in a borehole Is provided that Indudes means for installing a tubular liner^p^ 

10 expansion cone, and a shoe in the borehole, means for radially expanding at least a \ 
portion of the shoe, and means for radially expanding at least a portion of the tubular 
liner. 

According to another aspect of the present Invention, an apparatus for forming 
a wellbore casing within a subterranean fonmation including a preexisting wellbore 

1 5 casing positioned in a borehole Is provided that includes a tubuiar liner, and nrteans for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting wellbore casing. The inside diameter of the radially expanded tubular iiner 
is sut^tantially equal to the Inside diameter of a non-overlapping portion of the 
preex^ng wellbore casing. 

20 According to another aspect of the present invention, a wellbore casing 

positioned in a borehole wittiin a subterranean fonnation is provided that indudes a first 
wellbore casing, and a second wellbore casing coupled to and overlapping with tlie first 
wellbore casing. The second wellbore casing is coupled to tiie first wellbore casing by 
the process of: Installing the second wellbore casing, an expansion oone, and a shoe in 

25 the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 

matejial into ttte shoe, ami radially expanding at teast a portion of the second wellbore 
casing by injecting a fluidic material Into the borehole below VhB expanston cone. 

According to another asped of the present invention, a method of forming a 
tubular structure In a subterranean formation havlr)g a preexisting tubular member 

30 positioned In a borehole is provided ttiat indudes InsteHing a tobular liner, an expansion 
cone, and a shoe in the borehole, radially expanding at least a portion of the shoe by 
injecting a fluidic material into the shoe, and radially expanding at least a portion of the 
tubular iiner by injecting a fluidic matertel into the borehole below the expansion cone. 
According to another asped of the present invention, an apparatus for forming 

35 a tubular structure in a subterranean formation having a preexisting tubular memb^ 
positioned In a borehole is provided ttiat indudes means fbr instelling a tubular liner, an 



expansion cone, and a shoe in the borehole, means for radially expanding at least a 
portion of the shoe, and means for radially expanding at least a portion of the tutHJiar 
liner. 

Acxx>rding to another aspect of the present invention, an apparatus for fbmiing 
5 a tubular structure within a subterranean fonnation Including a preexisting tubular 

member positioned in a borehole is provided that Include a^ular liner and means for 
radially expanding and coupling the tubular liner to an overlapping portion of the 
preexisting tubular member. The inside diameter of the radially expanded tubular liner 
is substantially equal to the inside diameter of a non-overlapping portion of the 
1 0 preexisting tubular member. 

According to another aspect of the present invention, a tubular structure 
positioned in a borehole within a subterranean fomnation \s provided that includes a first 
tubular member and a second tubular member coupled to and overlapping with the first 
tubular member. The second tubular member is coupled to the first tubular member by 
15 the process of: installing the second tubular member, an expansion cone, and a shoe 
in the borehole, radially expanding at least a portion of the shoe by injecting a fluidic 
material into the shoe, and radially expanding at least a portion of the second tubular 
member by injecting a fluidic material into the borehole below the expansion cone. 

Brief Description of the Drawings 
20 FIG. 1 is a fragmentary cross-sectional view illustrating the drilling of a new 

section of a well borehole. 

FIG. 2 is a fragmentary cross-sectional view illustrating the placement of an 
emt)odiment of an apparatus for creating a nrK>no^iameter wellbore caeing within the 
new section of the well borehole of FIG. 1. 
25 FIG. 2a Is a cross-sectionai view of a portion of the shoe of the apparatus of 

FIG.Z 

FIG. 2b is a cross-sectionai view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2c is a cross-sectkmal view of another portion dS the shoe of the apparaU^ 
30 ofFIG.Z 

FIG. 2d is a cross-sectional view of another portion of the shoe of the apparatus 
of FIG. 2. 

FIG. 2e is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 2c. 
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FIG. 3 is a fragmentary cross-sectional view illustrating the injection of a 
hardenable fiuidic sealing material through the apparatus and into the new section of 
the well borehole of FIG. 2. 

FIG. 3a is a cross-sectional view of a portion of the shoe of the apparatus of 

5 FIG. 3. 

FIG. 3b is a cross-sectional view of a portion of the shoe of the apparatte of 
FIG. 3a. 

FIG. 4 is a fragmentary cross-sectional view illustrating the injection of a fluidic 
material into the apparatus of FIG. 3 In order to fluididy isolate the interior of the shoe. 
1 0 FIG. 4a is a cross-sectional view of a portion of the shoe of the apparatus of 

FIG. 4. 

FIG. 4b is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 4a. 

FIG, 5 is a cross-sectional view illustrating the radial expansion of the shoe of 

15 FIG. 4. 

FIG. 6 is a cross-sedional view iliustratir^ the lowering of the expandable 
expansion cone Into the radially expanded shoe of the apparatus of FIG. 5. 

FIG. 7 is a cross-secttonal view illustrating the expansion of the expandable 
expanston cone of the apparatus of FIG. 6. 
20 FIG. 8 is a cross-sectional view illustrating the injection of fluidic miaterial into 

the radially expanded shoe of ttie apparatus of FIG. 7. 

FIG. 9 is a cross-sectional view illustrating the completion of the radial 
expansion of tiie expandable tubular memt>er of the apparatus of FIG. 8. 

FIG. 10 is a cross-sectional view illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 9. 

FIG. 1 1 is a cross-sectimal view illustrating the fbmrurtion of a nxmo-diameter 
wellbore casing that includes a plurality of overlapping nrK>rK)-diameter wellbore 
casings. 

FIG. 12 is a fragmentary cross-sectional view illustrating the placement of an 
30 alternative embodiment of an apparatus for creating a mono-dianieter wellbore casing 
within the wellbore of FIG. 1. 

FIG. 12a Is a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 12. 

FIG. 12b is a cross-sectional view of a portion of the shoe of the apparatus of 
35 FIG.1Z 
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FIG. 1 2c is a cross-sectional view of another portion of the shoe of the 
apparatus of FIG. 12. 

FIG. 12d is a cross-secUonal view of another portion of the shoe of the 
apparatusof FIG. 12. 
5 FIG. 1 3 is a fragnrtentary cross-sectional view illustrating the injection of a 

hardenable fluidic sealing material through the apparatus and into the new section of 
thewelit)oreholeofFIG. 12. 

FIG. 13a a cross-sectional view of a portion of the shoe of the apparatus of 
FIG. 13. 

10 FIG. 1 4 is a fragmentary cross-sectional view illustrating the injection of a fluidic 

material into the apparatus of FIG. 13 in order to fluididy isolate the interior of the shoe. 

FIG. 14a is a cross-sectionai view of a portion of the shoe of the apparatus of 
FIG. 14. 

FIG. 15 is a cross-secticmal view illustrating the radial expansion of the shoe of 
15 FIG. 14. 

FIG. 16 Is a cross-sectional view illustrating the lowering of the expandable 
expansion oone into the radially expanded shoe of the apparatus of FIG. 15. 

FIG. 17 is a cross-secUonal view illustrating the expansion of the expandable 
expansion oone of the apparatus of FIG. 1 6. 
20 FIG. 18 is a cross-sectional view illustrating the injection of fluidic material into 

the radially expanded shoe of the apparatus of FIG. 17. 

FIG. 19 is a cross-sectionai view illustrating the completion of the radial 
expansion of the expandable tubular member of the apparatus of FIG. 18. 

FIG. 20 is a cross-sectional view Illustrating the removal of the bottom portion of 
25 the radially expanded shoe of the apparatus of FIG. 1 9. 

Detailed Description of tto Illustrative Embodiments 
Referring initialty to FIGS. 1, 2, 2a. 2b, 2c 2d, 2e, 3, 3a. 3b, 4. 4a. 4b, and 5- 
1 0. an endxxllment of an apparatus and method for forming a mono-dlanteter wetlt>ore 
casing within a subterranean fbnnation will now be described. As illustrated in Fig. 1 . a 
30 wellbore 100 is positioned in a subtenranean formation 105. The wellbore 100 includes 
a pre-existing cased section 110 having a tubular casing 115 and an annular outer 
layer 120 of a fluidic sealing material such as, for example, cement The wellbore 100 
may be positioned in any orientation from vertical to horizontal. In several attemative 
emtxxlinrtents, the pre-existir^ cased section 110 does not include the annular outer 
35 layer 120. 



In order to extend the wellbore 100 into the subten^nean formation 105, a drill 
string 1 25 is used In a well known manner to drill out material from the subterranean 
formation 1 05 to torn a new wellbore section 1 30. In a preferred emt)odiment, the 
Inside diameter of the new wellbore section 1 30 is greater than the inside dianneter of 
5 thepreexisting wellbore casing 115. 

As illustrated in FIGS. 2, 2a, 2b, 2c 2d, and 2e, an apparatus 200 for fonning a 
wellbore casing in a subterranean fonmation is then positioned in the new section 130 
of the wellbore 1 00. The apparatus 20Q preferably includes an expansion cone 205 
having a fluid passage 205a that supports a tubular member 210 that includes a lower 
10 portion 210a. an intennediate portion 210b, an upper portion 210c. and an upper end 
portion 210d. 

The expansion cone 205 may be any number of conventtonal commercially 
available expansion cones. In several alternative embodiments, the expansion cone 
2015 may be controllably expandable in the radial direction, for example, as disclosed in 

1 5 U.S. patent nos. 5,348.095, and/or 6,012,523, the disclosures of which are 
incorporated herein by reference. 

The tubular nrnnber 210 may be febricated from any number of conventional 
commercially available material such as, for example. Oilfield Country Tubular Goods 
(OCTG), 13 chromium steel tubing/casing, or plastic tubing/casing. In a preferred 

20 embodiment, the tubular member 21 0 is fobricated from OCTG in order to maximize 
strength after expansion. In several alternative embodiments, the tubular member 210 
may be solid and/or slotted. For typical tubular member 210 materials, the length of 
the tubular member 210 is preferably limited to between about 40 to 20.000 feet in 
length. 

25 The lower portion 210a of the tubular niember 210 preferably has a larger 

inside diameter than the upper portion 21 Oc of the tubular member. In a preferred 
embodiment, the wall thidcness of the Intermediato portion 21 Ob of the tubular member 
201 e less than the wall thickness of the upper portion 21 Oc of the tubular member in 
order to facilitate the initiation of the radial expansion process In a preferred 

30 embodiment, the upper end portion 21 Od of the tubular member 21 0 is slotted, 

perforated, or othenMrise modified to catch or slow down the expanston cone 205 when 
it completes the extarusion of tubular member 210. In a preferred embodiment, wall 
thidcness of the upper end portion 21 Od of the tobular nDember 210 is gradually tapered 
in order to gradually reduce the required radial expar^ion forces during the teitter 

35 stages of the radial expansion process. In this manner, shock loading conditions 
during the latter stages of the radial expansion process are at least minimized. 



A shoe 215 is coupled to the lower portion 210a of the tubular mem^ The 
shoe 215 includes an upper portion 215a, an Intennediate portion 215b, and lower 
portion 215c having a valveable fluid passage 220 that is preferably adapted to receive 
a plug, dart or other similar element for contrdlably sealing the fluid passage 220. In 
5 this manner, the fluid passage 220 may be optinnally sealed off by Introducing a plug, 
dart and/or ball sealing elerrants into the fluid passage 220. 

The upper and lower portions, 215a and 215c of the shoe 215 are preferably 
substantially tubular, and the intemiediate portion 215b of the shoe is preferably at 
least partially folded Inwardly, Furthermore, In a preferred embodinnent, when the 

10 Intennediate portion 215b of the shoe 215 is unfolded by the application of fluid 

pressiro to the interior region 230 of the shoe, the Inside and outside dianrveters of the 
intermediate portion are preferably both greater than the inside and outside dianDeters 
of the upper and lower portions, 215d and 21 5a In this manner, the outer 
drcunrference of the intennediate portion 215b of the shoe 215 is preferably greater 

15 than the outside circumferences of the upper and lower portions, 21 5a and 21 5b, of the 
shoe. 

In a prefenred embodiment, the shoe 21 5 further includes one or rnom through 
and side outlet ports in fluidic communication with the fluid passage 220. In this 
manner, the shoe 215 optimally Injects hardenable fluidic sealing material into the 

20 regbn outside the shoe 215 and tubular member 210. 

In an altemative embodimmt, the flow passage 220 is omitted. 
A support member 225 having fluid passages 225a and 225b is coupled to the 
expansion cone 205 for supporting the apparatus 2(K). The fluid passage 225a is 
preferably fluididy coupled to the fluid passage 205a. In this manner, fluidic nmterials 

25 may be conveyed to and from the region 230 below the expanston oone 205 and above 
the bottom of the shoe 215. The fluid passage 225b is preferably fluididy coupled to 
the fluid passage 225a and indudes a conventional control vah/e. In this manner, 
during placement of the apparatus 200 v^in the wellbore 100, surge pressures can be 
relieved by the fluM passage 225b. In a preferred embodiment, the support nrtember 

30 225 further includes one or more conventional centralizers (not illustrated) to help 
stabilize the apparatus 200. 

During placement of the apparatus 200 within the wellbore 100, the fluid 
passage 225a Is preferably selected to transport materials such as, for example, drilling 
rmid or formation fluids at flow rates and pressure rarigir^ firom al)out 0 to 3,000 

35 gallons/minute and 6 to 9,000 psi In order to minimize drag on the tubular member 
being run and to minimize surge pressures exerted on the weilbbre 1 30 which could 
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cause a loss of wellbore fluids and lead to hole collapse. During placement of the 
apparatus 200 within the wellbore 100, the fluid passage 225b is preferably selected to 
convey fluidic materials at flow rates and prmsures ranging from about 0 to 3.000 
gallons/minute and 0 to 9,(X)0 psi in order to reduce the drag on the apparatus 200 

5 during Insertion into the new section 1 30 of the wellbore 100 and to minimize surge 
pressures on the new wellbore section 130. 

A cup seal 235 is coupled to and supported by the supportmember 225. The 
cup seal 235 prevents foreign materials from entering the interior region of the tubular 
member 210 adjacent to the expansic^ cone 205. The cup seal 235 may be any 

10 number of conventional commercially available cup seals such as, for example, TP 
cups, or Selecth^ injection Packer (SIP) cups modified in accordance with the 
teachings of the present disclosure. In a preferred embodiment, the cup seal 235 is a 
SIP cup seal, available from Halliburton Energy Sendees in Dallas, TX in order to 
optimally block foreign material and contein a body of iiibricant In several altemative 

15 embodlmente, the cup seal 235 may include a plurality of cup seals. 

One or more sealing members 240 are preferably coupled to and supported by 
the exterior surface of the upper end portion 21 Od of the tubular rnember 210. The 
sealing members 240 preferably provide an overlapping joint t>etween the lower end 
portion 1 15a of the casing 115 and the upper end portion 21 Od of the tubular member 

20 21 0. The sealing members 240 may be any number of ^nv^ntional commerdaliy 
avaiteble seals such as, for example, lead, mbber, Teflorj| or epoxy seals modified in 
accordance with the teachings of the present dlscbsure. In a prefened embodiment, 
the sealing members 240 are moMed from Strateiock epoxy available from Halliburton 
Energy Services in Dallas, TX in order to optimally provMe a tead bearing Interference 

25 fit between the upper end portion 210d of the tubular member 210 and the lower end 
portion 1 15a of the existing casing 1 15. 

In a preferred embodiment, the sealing members 240 are selected to optimally 
provide a sufficient frictional force to support tiie expanded tubular member 210 from 
the existing casing 115. In a preferred embodiment, the frictional force optimally 

30 provUed by the seialing members 240 ranges from about 1 ,000 to 1 ,000,000 Ibf in 
order to optimally support the expanded tobular member 21 0. 

In an alternative embodiment the sealing members 240 are omitted from the 
upper end portion 21 Od of the tubuter member 210, and a load bearing metel-to-metel 
Interference fit is provided between upper er>d portion of the tubular member and the 

35 tower end portion 1 1 5a of the existing casing 1 1 5 by plastically deforming and radially 
expanding the tubuter member into contect with the exteting casing. 




10 



In a preferred embodiment, a quantity of lubricant 245 Is provided in the annular 
region above the expansion cone 205 within the Interior of the tubular member 210. In 
this manner, the extrusion of the tubular member 210 off of the expansion cone 205 is 
fadiltated. The lubricant 245 may be any number ^ convex conrvnerdally 

5 available lubricants such as, for example, Lubriplat^ chlorine based lubricants, oil 
based lubricants or aimax 1500 Antlsleze (3100). In a preferred embodiment, the 
lubricant 245 is Climax 1500 Antlsleze (3100) available from Qimax Lubricants and 
Equipment Co. in Houston, TX in order to optimally provide optimum lubrication to 
fedlitate the expansion process. 

10 In a preferred embodinrtent the support member 225 is thoroughly cleaned prior 

to assembly to the remaining portions of the apparatus 200. In this manner, the 
introduction of foreign material Into the apparatus 200 is minimized. This minimizes the 
possibility of foreign material clogging the various flow passages and valves of the 
apparatus 200. 

15 In a preferred embodiment, before or after positioning the apparatus 200 within 

the new section 130 of the wellbore 100, a couple of welibore volumes are circulated In 
order to ensure that no foreign materials are located within the wellbore 100 that might 
dog up the various flow passages and valves of the apparatus 200 and to ensure that 
no foreign nriateriai Interferes with the expansion process. 

20 As illustrated in FIGS. 2 and 2e, in a preferred embodiment, during placement 

of the apparatus 200 within the wellbore 100. fluidic materials 250 within the wellbore 
that are dteplaced by the apparatus are at least partially conveyed through the fluid 
passages 220, 205a, 225a, and 225b. In this manner, surge pressures created by the 
placement of the apparatus within the wellbore 100 are reduced. 

25 As illustrated In FIGS. 3, 3a, and 3b, the fluid passage 225b Is then closed and 

a hardenable fluldic sealing material 255 is then pumped from a surfece location into 
the fluid passages 225a and 205a. The material 255 then passes from the fluid 
passage 205a into the interior region 230 of the shoe 215 below the expansbn cone 
205. The material 255 then passes from the interior region 230 Into the fluid passage 

30 220. The material 255 then exits the apparatus 200 and fills an annular region 260 
between the exterior of the tubular member 210 and the interior waD of the new section 
130 of the wellbore 100. Continued punriping of the material 255 causes the material to 
fill up at least a portion of the annular regton 260. 

The material 255 Is preferably pumped into the annular r^ion 260 at pressures 

35 and flow rates ranging, for example, from about 0 to 50(X) psi and 0 to 1 ;500 

gailons/min, respectively. The optimum flow rate artd operating pressures vary as a 
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function of the casing and welllx)re sizes, wellbore section length, available pumping 
equipment, and fluid properties of the fluldic material being pumped. The optimum flaw 
rate and operating pressuria are preferabty detemnlned using conventional empirical 
methods. 

5 The hardenable fluidic sealing material 255 may be any number of conventional 

Gommerdally available hardenable fluidic sealing materials such as, for example. siag 
mix, cement, latex or epoxy. In a preferred embodiment, the hardenat>le fluidic sealing 
material 255 is a blended cement prepared specifically for the particular well section 
being drilled from Halliburton Energy Services in Dallas, TX in order to provide optimal 

10 support for tubular member 210 while also maintaining optimum flow characteristics so 
as to minimize difficutties during the displacement of cenwnt in the annular region 260. 
The optimum blend of the blended cement is preferabty determined using conventional 
empirical methods. In several alternative embodirrrants, the hardenable fluidic sealing 
material 255 is compressible t)efore. during, or after curing. 

1 5 The annular region 260 preferably is filled with the material 255 in sufficient 

quantities to ensure that, upon radial expansion of the tubular member 210, the annular 
region 260 of the new section 130 of the wellbore 100 will be filled with the material 
255. 

In an alternative embodiment, the irijection of the material 255 into the annular 
20 region 260 is omitted, or is provided after the radial expansion of the tubular member 
210. 

As illustrated h FIGS. 4, 4a, and 4b, once the annular region 260 has been 
adequately filled with the material 255, a plug 265, or other similar device, is introduced 
into the fluid pnsage 220, thereby flutdidy isolating the interior region 230 from the 

25 annular region 260. In a preferred embodiment a non-hardenable fluidic material 270 
is Vhen pumped into the interior region 230 causing the interior region to pressurize. In 
this manner, the interior region 230 of the expanded tubular member 210 will not 
contain significant amounts of the cured material 255. This also reduces and simpiifles 
the cost of the entire process. Altematively, the material 255 way be used during this 

30 phase of the process. 

As illustrated in FIG. 5, in a preferred embodiment, the continued injection of 
the fluidic material 270 pressurizes the region 230 and unfolds the intermediate portion 
215b of the shoe 215. In a preferred embodiment, the outside dianieter of the unfolded 
intenmediate portion 215b of the shoe 215 is greater than the outside diameter of the 

35 upper arKl lower portions, 21 5a and 21 5b, of the shoe. In a preferred emlxxJiment, ttie 
inside and outside diameters of the unfolded intenmediate portion 215b of the shoe 215 
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are greater than the inside and outside diameters, respectively, of the upper and tower 
portions, 215a and 215b, of the shoe. In a preferred embodiment, the inside diameter 
oTtte unfolded intemiediate portion 215b of the shoe 215 is substantially equal to or 
greater than the inside diameter of the preexisting casing 1 1 5 in order to optimally 

5 facilitate the formation of a monoKllanneter wellbore casing. 

As illustrated in FIG. 6, in a preferred embodiment, the expansion cone 205 is 
then lowered into the unfolded intermediate portion 215b of ttie shoe 215. In a 
preferred dnrd>odinnent the expansion cone 205 is lowered into the unfolded 
intennediate portion 21 5b of the shoe 21 5 until the bottom of the expansion cone is 

1 0 proximate the lower portion 21 5c of the shoe 215. In a preferred embodiment, during 
tt^e lowering of the expansion cone 205 into the unfolded intemnediate portion 215b of 
the ishoe 21 5, the material 255 withih the annular region 260 and/or the bottom of Vne 
wellbore section 1 30 maintains the shoe 215 in a substantially stationary position. 
As illustrated In FIG. 7, In a prefenred embodiment, the outsMe diameter of ttie 

15 expansion cone 205 is then increased. In a preferred embodiment, the outside 
diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095, and/or 6,012.523, the disclosures of which are incorporate herein by 
reference. In a prefenad embodiment, the outside diameter of the radially expanded 
expansion cone 205 is sut)stantiaily equal to the inside diameter of the preexisting 

20 wellbore casing 115. 

In an alternative embodiment, the expansion cone 205 is not lowered into the 
radially expanded portion of the shoe 21 5 prior to being radially expanded. In ttiis 
manrw*, the upper portion 210c of the shoe 210 may be radially expanded by ttie radial 
expansion of the expansion cone 205. 

25 In anottier alternative embodiment ttie expansion cone 205 is not radially 

expanded. 

As Illustrated In FIG. 8, In a preferred embodiment a fluidic material 275 is ttien 
Injected into the region 230 through the fluid passages 225a and 205a. In a prefenred 
embodiment, once the interior regton 230 becomes suffidentiy pressurized, ttie upper 

30 portion 21 5a of the shoe 21 5 and the tubular member 21 0 are preferably plastically 
defined, radially expanded, and extruded off of ttie expansion cone 205. 
Furthenmore, in a preferred embodiment, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular meiriber and ttie lower portion of ttie 
preexisttng casing 1 15 that overlap with one another are simultaneously plastically 

35 defomried and radially expanded. In this manner, a mono-diameter welltx)ra casing 
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may be fbrm^ that includes the prmxisting wellbore casing 1 15 and the radially 
expanded tubular member 21 0. 

During the extrusion process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a prefen^d embodiment, during the 
5 extrusion process, the expansion cone 205 is raised at approximately the same rate as 
the tubular member 210 is expanded in order to keep the tubular niember 210 
stationary relative to the new wellbore section 1 30. In this mwner, an overlapping joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may be optimally fomned. In an attemative preferred 

10 embodlnftent, the expansion cone 205 is maintained in a stationary position during the 
^ctrusion process thereby allowing the tubular member 210 to extrude off of the 
expansion cone 205 and into the new weHbore section 1 30 under tlie force of gravity 
and the operating pressure of the interior region 230. 

In a prsfOTfed embodiment, when the upper end portion 21 Od of the tubular 

15 member 210 and the lower portion of the preexisting casing 115 that overlap vtnth one 
another are plastically deformed and radially expanded by the expansion cone 205, the 
expansion cone 205 is displaced out of the wellbore 100 by both the operating 
pressure within the region 230 and a upwardly directed axial force applied to the 
tubular support member 225. 

20 The overlapping Joint between the lower portion of the preexisting casing 115 

arul the radially exparKied tubular member 210 preferably provides a gaseous and 
flukJIc seal In a particuteirly preferred embodiment, the sealing members 245 optinrmlly 
provide a fluidic and gaseous seal In the overlapping joint In an alternative 
embodiment, the sealing members 245 are omitted. 

25 In a preferred embodinrient,tl^ operating pressure and flow rate of the fluidic 

material 275 is controllabiy ramped down when the expar^on coi>e 205 reaches the 
upper end portion 210d of the tubular member 210. In this manner, the sudden release 
of pressure caused by the comptote extrusion of the tubular nwnt)er 21 0 off of the 
expansion cone 205 can be minimized. In a prefemed embocfiment, ttie operating 

30 pressure is reduced in a substantially linear fashion from 1(X)% to atx>ut 1 0% during 
the end of the extrusion process beginning when the expansion cone 205 is within 
about 5 feet from completion of the extrusion process. 

Altemativety, or in combination, the wall thidaiess of the upper end portion 
210d of the tubular member is tapered in order to gradually reduce the required 

35 operating pressure for plastically defbmning and radially expanding the upper end 
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portion of the tubular member. In this manner, shock loading of the apparatus is at 
least reduced. 

AltemativBly, or in combination, a shock absorber is provkled in the support 
memt>er 225 in order to absorb the shock caus^ by the sudden release of pressure. 

5 The shock absorber may comprise, for example, any conventk)nal commerdaily 
available shock absort)er, bumper sub, or Jars adapted for use in wellbore operations. 

Altemativety, or in combination, an expansion cone catching structure is 
provMed in the upper end portion 21 Od of the tubular member 210 in order to catch or 
at least decelerate the expansion cone 2(^. 

10 In a prefenBd embodiment, the apparatus 200 is adapted to minimize tensile, 

burst, and friction effects upon the tubular member 210 during the expanston process. 
These effects will be depend upon the geon^etry of the expansion cone 205, the 
material oompositton of the tubular member 210 and expansion cone 205, the inner 
diameter of the tubular member 210, the wall thickness of the tubular member 210, the 

1 5 type of lubricant, and the yield strength of the tubular member 21 0. In general, the 
thicker the wall thickness, the smaller the inner diameter, and the greater the yield 
strength of the tubular member 210, then the greater the operating pressures required 
to extrude the tubular member 210 off of the expansbn cone 205. 

For typical tubular members 210, the extrusion of the tubular member 210 off of 

20 the expansion cone 205 will begin when the pressure of the interfor regton 230 
reaches, for example, approximately 500 to 9,000 psi. 

During the extruskxi process, the expansion cone 205 may be raised out of the 
expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 fl/sea In a preferred embodiment, during the extrusion process, the expansk)n 

25 cone 205 is raised out of the expanded portion of the tubular memt>er 21 0 at rates 

ranging from atx)ut 0 to 2 Wseo in order to minimize the time required for the expansion 
process while also permitting easy control of the expansion process. 

As illustrated in FIG. 9, once the extnjslon process is completed, the expanston 
cone 205 is removed from the wellbore 100. In a preferred embodiment, either before 

30 or after the renrK>val of the expansion cone 205, the integrity of the fluklic seal of the 
overlapping Joint between the upper end portton 21 Od of the tubular member 210 and 
the k>wer end portton 1 15a of the preexisting wellbore casing 1 15 is tested using 
oonventtonal methods. 

In a preferred embodiment, if the fluklic seal of the overlapping jcrint between 

35 the upper end portion 21 Od of the tubular member 21 0 and the k>wer end portion 1 1 5a 
of the casing 1 15 is satisfactory, then any uncured portton of the material 255 within the 



expanded tubular rnember 210 is then removed In a conventional rhanner such as, for 
example, circulating the uncured material out of the Interior of the expanded tubular 
member 210. The expansion cone 205 is then pulled out of the wellbore section 130 
and a drill bit or mill Is used in combination with a conventional drilling assembly to drill 
5 out any hardened material 255 within the tubular member 21 0. In a preferred 
embodiment, the material 255 within the annular region 260 is then allowed to fuDy 
cure. 

As illustrated in FIG. 10, the bottom portion 215c of the shoe 215 rray then be 
removed by drilling out the bottom portion of the shoe using conventional drilling 

10 PDethods. The wellbore 100 may then be extended in a conventional manner using a 
conventlbnal drilling assembly. In a preferred embodiment, the Inside diameter of the 
extended portion of the wellbore 1 00 Is greater than the Inside diameter of the radially 
expanded shoe 215. 

As illustrated in FIG. 1 1 , the method of FIGS. 1-10 may be repeatedly 

1 5 performed in order to provide a mono-diameter wellbore casing that Includes 

overtapping wellbore casings 115 and 210a-210e. The wellbore casing 115,dnd210a- 
210e preferably include outer annular layers of fiuidic sealing material. Altematively. 
the outer annular layers of fiuidic sealing material may be omitted. In this manner, a 
monoNdiameter wellbore casing may be formed virithin the subtenranean fomnalion that 

20 extends for tens of thousands of feet. More generally still, the teachings of FIGS. 1-1 1 
may be used to fomi a mono-diameter wellbore casing, a pipeline, a structural support, 
or a tunnel within a subterranean formation at any orientation from the vertical to the 
horizontal. 

In a preferred embodiment, the formation of a mono-dlanrater wellbore casing. 

25 as illustrated in FIGS. 1-1 1 , is further provided as disclosed In one or more of the 
following: (1) U.S. patent application serial no. 09/454,139. attorney docket no. 
25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/^^ 
attorney dodcet no. 25791.7.02, filed on 2/23/2000. (3) U.S. patent application serial 
no. 09/502.350. attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent 

30 application serial no. 09/440,338. attpmey docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02. filed 
on 3/10/2000, (6) U.S. patent application serial no. 09/512,895. attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511.941, 
attomey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent applteation serial 

35 no. 09^88,946, attzmey docket no. 25791 .17.(», fited on 6/7/2000, (9) U.S. patent 
application serial no. 09^9,122. attomey docket no. 25791.23.02, filed on 4/26/2000, 
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(10) PCT patent application serial no. PCT/USOO/18835, attorney docket no. 
25791 .25.02, filed on 7/9/2000, (1 1 ) U.S. provisional patent application serial no. 
60/162,671. attorney docket no. 25791.27. filed on 11/1/1999, (12) U.S. provisional 
patent application serial no. 60/154,047, attorney docket no. 25791.29, filed on 

5 9/16/1999. (13) U.S. provisional patent application serial no, 60/159,082, attorney 
docket no. 25791.34, filed on 10^12/1999, (14) U.S. provisional patent applicatton serial 
no. 60/159,039, attorney docket no. 25791.36. filed on 10/12/1999, (15) U.S. 
provisional patent applicatkm serial no. 60/1 59,()33, attorney docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provistonal patent application serial no. 60/212,359, attorney 

10 docket no. 25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial 
no. 60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 
provisk)ndl patent appltoatton serial no. 60/221 ,443. attorney docket no. 25791 .45, filed 
on 7/28/2000. (19) U.S. provisional patent applicatfon serial no. 60/221,645, attorney 
docket no. 25791.46. filed m 7/28/2000, (20) U.S. provfstonal patent applicatton serial 

15 no. 60/233.638. attorney docket no. 25791.47, filed on 9/18/2000. (21) U.S. provisional 
patent applicatbn serial no. 60/237,334, attorney docket no. 25791.48, filed on 
10/2/2000, and (22) U.S. provistonai patent application serial no. 60^2,434, attorney 
docket no. 25791 .51 , filed on 1/17/2001 , the disck>sures of which are incorporated 
herein t>y reference. 

20 Referring to FIGS. 12. 12a, 12b, 12c, and 12d, in an alternative emt>odiment, an 

apparatus 300 for fomning a mono-diameter welltx)re casing is positioned witiiin ttie 
weilt>ore casing 1 15 that is substantially identical in design and operation to the 
apparatus 200 except that a shoe 305 is substituted for the shoe 21 5. 

In a prefened embodiment ttie shoe 3(» includes an upper portion 305a, an 

25 intermediate pc^n 305b. and a lower portion 305c having a valveabie fluid passage 
310 tt)at Is preferably adapted to receive a plug, dart, or other similar element for 
oontroHably sealing ttie fluid passage 310. In tiiis manner, the fluid passage 310 may 
be optimally sealed cSf by Introducing a plug, dart and/or ball sealing elements Into ttie 
flukl passage 310. 

30 The upper and tower portions. 305a and 305c, of the shoe 305 are preferably 

substantially tubular, and ttie intennedlate portion 305b of the shoe includes 
corrugations 305ba-305bh. Furthermore, in a prefenned enrtbodiment, when the 
intennediate portion 305b of ttie shoe 305 is radially expanded by flie applicatton of 
flukl pressure to ttie interior 315 of ttie shoe 305, the inside and outside diameters of 

35 the radially expanded intennediate portion are preferably both greater ttian ttie inside 
and outeide diameters of ttie upper and lower portions, 305a and 305& In this manner, 
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the outer circumference of the intermediate portion 305b of the shoe 305 is preferably 
greater than the outer circumferences of the upper and lower portions. 305a and 305c, 
of the shoe. 

In a preferred emt)odiment, the shoe 305 further Includes one or more through 
5 and sMe outlet ports In fluidic communication with the fluid passage 310. In this 
manner, the shoe 305 optirifially injects hardenable fluidic sealing material Into the 
region outside the shoe 305 iand tubular member 21 0. 

In an alternative embodiment, the flow passage 31 0 Is omitted. 

In a preferred embodiment, as illi^trated in FIGS. 12 and 12d, during 
1 0 placement of the apparatus 300 within the welibore 1 00, fluidic materials 250 within the 
welibore that are displaced by the apparatus are conveyed through the fluid passages 
310, 205a. 225a, and 225b. In this manner, surge pressures created by the placement 
of the apparatus within the welibore 1 00 are reduced. 

In a preferred embodiment, as Illustrated in FIG. 13 and 13a, the fluid passage 
1 5 22Sb is then dosed and a hardenable fluidic sealing material 255 is then pumped from 
a surfeoe location Into the fluid passages 225a and 205a. The material 255 then 
passes from the fluid passage 205a Into the interior region 315 of the shoe 305 below 
the expansion cone 205. The nnaterial 255 then passes from the Interior region 315 
into the fluid passage 310. The material 255 then exite the apparatus 300 and fills the 
20 annular region 260 between the exterior of the tubular member 21 0 and the interior wall 
of the new section 130 of the welibore 100. Continued pumping of the material 255 
causes the matertel to fill up at least a portion of the annular region 260. 

The material 255 Is preferably pumped into the annular region 260 at pressures 
and flow rates ranging, for example, from about 0 to 5000 psi and 0 to 1,500 
25 gallons/min, respectively. The optimum flow rate and operating pressure vary as a 
function of the casing and welibore sizes, welibore section tength, available pumping 
equipment, and fluid properties of the fluidic material being pumped. The optimum flow 
rate ard operating pressure are preferably detenmined using conventional empirical 
methods. 

30 The hardenable fluidic sealing material 255 may be any number of conventional 

commerdalty avallabte hardenable fluidic sealing materials such as, for example, slag 
mbc, cement, latex or epoxy. In a prefened embodiment, the hardenable fluidic sealing 
material 255 is a blended cement prepare specrfically for the particular well section 
being drilled from Halliburton Energy Services In Dallas, TX in order to provide optimal 

35 support for tubular member 21 0 while also maintaining optimum fbw characteristics so 
as to minimize difficulties during the displacement of oerrtent in the annular region 260. 
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The optimum Mend of the blended cement is preferably detemruned using conventional 
empirical methods. In several alternative embodiments, the hardenabie fluidic sealing 
material 255 is compressible before, during, or after curing. 

The annular region 260 preferably is filled with the material 255 In sufficient 
5 quantities to ensure tiiat, upon radial expansbn of the tubular member 210, tt>e annular 
region 260 of the new section 130 of ti)e wellbore 100 will be filled with the material 
255. 

In an alternative embodiment, the injection of the material 255 into the annular 
regton 260 is omitted. 

10 As illustrated in FIGS. 14 and 14a, once the annular region 260 has been 

adequately filled with the material 255, a plug 265, or other similar device, is introduced 
into the fluid passage 310, thereby fiuidldy isolating the interior region 31 5 from ttie 
annular region 260. In a prefened embodiment, a non-hardenable fluidic material 270 
is then pumped into the interior rogion 315 causir^ the interior region to pressurize. In 

1 5 this manner, the interior region 31 5 will not contain significant amounts of the cured 
material 255. This also reduces and simplifies the cost of the entire process. 
Altematively, the material 255 may be used during ttiis phase of the process. 

As illustrated in FIG. 15. in a preferred embodiment the continued injection of 
the fluidic material 270 pressurizes the region 31 5 and unfolds the corrugations 305ba- 

20 305bh of the intermediate portion 305b of the shoe 305. In a preferred embodiment, 
the outeide diameter of ihe unfolded intermediate portion 305b of the shoe 305 is 
greater ttian the outeide diameter of ttie upper and lower portions, 305a and 305b, of 
the shoe. In a preferred embodiment, the inside and outeide diameters of the unfolded 
intemnediate portion 305b of ttie shoe 305 are greater than the inside and outeide 

25 dianneters, respectively, of ttie upper and lower portions, 305a and 305b, of ti^ shoe. 
In a prefenned embodiment, tiie inside diameter of the unfolded intemfiediate portion 
305b of the shoe 305 is substantially equal to or greater than the inside diameter of VhB 
preexisting casing 305 in order to optimize ttte formation of a morKxiiameter wellbore 
casing. 

30 As illustrated in FIG. 16, in a prefenned embodiment, the expansion cone 205 is 

then towered Into ttie unfolded Intennediate portion 305b of the shoe 305. In a 
preferred embodknent, tt)e expansion cone 205 is lowered into the unfolded 
interrmdiate portion 305b of ttie shoe 305 until tiie bottom of the expansion cone is 
proximate the lower portion 305c of ttie shoe 305. In a preferred embodiment, during 

35 the lowering of ttie expansion cone 205 into the unfolded intermediate portion 305b of 
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the shoe 305. the material 255 within the annular region 260 maintains the shoe 305 in 
a substarrtialiy stationary position. 

As illustrated in FIG. 1 7. in a preferred ^bodiment the outside diameter of the 
expansion cone 205 is then increased. In a preferred embodiment, the outside 
5 diameter of the expansion cone 205 is increased as disclosed in U.S. patent nos. 
5,348,095. and/or 6,012,523. the disclosures of v^ich are incorporate hertfn by 
reference. In a prefenned embodiment, the outside diameter of the radially expanded 
expansion cone 205 is substantially equal to the inside diameter of the preexteting 
wellbore casing 115. 

10 In an altemative embodiment, the expansion cone 205 is not lowered into the 

radially expanded portion of the shoe 305 prior to being radially expanded. In this 
manner, the upper portion 305c of the shoe 305 may be radially expanded by the radial 
expansion of the expansion cone 205. 

in another alternative embodiment, the expansion cone 205 is not radaily 

15 expanded. 

As illustrated in FIG. 18, in a preferred embodiment, a fluidic material 275 is 
then injected into the region 31 5 through the fluid passages 225a and 205a. In a 
prefenned embodiment, once the interior region 315 becomes sufRdently pre^urized, 
the upper portion 305a of the shoe 305 and the tubular member 210 are preferably 

20 plastically deformed, radially expanded, and extruded off of the expansion cone 205. 
Furthermore, in a preferred emtxxlirnent, during the end of the radial expansion 
process, the upper portion 21 Od of the tubular member and the lower portion of the 
preexisting casing 1 15 that overiap with one another are simultarieously plastically 
deformed and radially expanded. In thte manner, a mono-diameter wellbore casing 

25 amy be formed that includes the preexteting wellbore casing 1 1 5 and the radially 
expanded tubular member 210. 

During the extrusion process, the expar^on cone 205 may be raised out of the 
expanded portion of the tubular member 210. In a preferred embodiment, during the 
extrusion process, the expansion cone 205 is redsed at approximately the same rate as 

30 the tubular member 21 0 is expanded in order to keep the tubular member 210 

stetionary relatwe to the new wellt)ore section 130. In this manner, an overtapping Joint 
between the radially expanded tubular member 210 and the lower portion of the 
preexisting casing 115 may t>e optimally formed. In an altemative preferred 
emIxxHnnent, the expansion cone 205 is maintained in a stationary position during the 

35 extrusion process thereby allowing the tubular member 21 0 to extrude off of the 
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expansion cone 205 and into the new welllx>re section 130 under the force of gravity 

and the operating pressure of the interior region 230. 

In a preferred embodiment, when the upper end portion 210d of the tubular 

member 210 and the iower portion of the preexisting casing 1 15 that overlap with one 
5 another are plastically deformed and radially expanded by the expansion cone 205, the 

expansion cone 205 is displaced out of the wellbore 100 by both the operating 

pressure within the region 230 and a upwardly directed axial force applied to the 

tubular support member 225. 

The oveilapping Joint between the lower portion of the preexisting casing 115 
10 and-the radially expanded tubular member 210 preferably provides a gaseous and 

fluidic seal. In a particularty preferred embodiment, the sealing members 245 optimally 

previde a fluidic and gaseous seal in the overlapping joint In an alternative 

embodiment, the sealing members 245 are omitted. 

In a preferred embodiment, the operating pressure and flow rate of the fluidic 
15 material 275 is oontrollatily ramped down when the expansion cone 205 reaches the 

upper erul portion 21 Od of the tubular member 21 0. In this manner, the sudden release 

of pressure caused by the complete extrusion of the tubular member 210 off of the 

expansion cone 205 can be minimized. In a preferred embodiment, the operating 

pressure is reduced in a substantially linear foshion from 100% to about 10% during 
20 the end of the extrusion process beginning when the expansion cone 205 te within 

about 5 feet from completion of the extrusion process. 

Altematively. or in combination, the wall thidcness of the upper end portion 

21 Od of the tubular member Is tapered in order to gradually reduce the required 

operating pressure for plastically defomning and radially expanding the upper end 
25 portion of the tubular noember. In this manrwr, shodc loading of the apparatus may be 

at least partially minimized. 

Altematively, or in combination, a shodc at)sort>er is provided in the support 

memt>«* 225 in order to at>sorb the shock caused by the sudden release of pressure. 

The shock ateort>er may comprise^ for example, any conventk>nal commercially 
30 available shock absort>er adapted for use in wellbore operattons. 

Alternatively, or In combination, an expartsicm cone catching structure is 

provMed in the upper end portion 210d of the tubular member 210 in order to catch or 

at least decelerate the expansk>n cone 205. 

In a preferred emtxxllment, the apparatus 200 adapted to minimize tensile, 
35 burst, and friction effieGts upon the tubular member 210 durtrtg the expansion process. 

These effects will be depend upon the geometry of the expansion corte 205, the 



.material composition of the tubular member 210 and expansion cone 205. the inner 
diameter of the tubular member 210« the wall thidcness of the tubular member 210, the 
type of lubricant, and the yield strmgth of the tubular member 21 0. In general, the 
thicker the wall thickness, the smaller the inner dlamet^, and thei greater the yield 
5 strength of the tubular member 21 0, then the greater the operating pressures required 
to extrude the tubular member 21 0 off of the expansion cone 205. 

For typical tubular members 21 0, the extmston of the tubular member 210 off of 
the expansion cone 205 will begin when the pressure of the interior region 230 
reaches, for example, approximately 500 to 9,000 psi. 

10 During the extnision process, the expanston cone 205 may be raised out of the 

expanded portion of the tubular member 210 at rates ranging, for example, from about 
0 to 5 ft/sea In a preferred embodiment during the extnision process, the expansion 
cone 205 is raised out of the expanded portion of the tubular member 210 at rates 
ranging from about 0 to 2 fl/sec in order to minimize the time required for the expansion 

15 process while also permitting easy control of the expansion process. 

As illustrated In FIG. 19. once the extrusk>n process is completed, the 
expansion cone 205 Is removed from the wellbore 100. In a preferred embodiment, 
either before or after the renrK)val of tlie expansion cone 205, Vhe integrity of the fluidic 
seal of the overlapping joint between the upper end portfon 21 Od of the tubular member 

20 210 and the lower end portion 1 15a of the preexisting wellbore casing 1 15 is tested 
using conventional methods. 

In a prefenred embodiment, if the fluidic seal of the overlapping Joint between 
the upper end portion 210d of the tubular member 210 and the lower end portion 1 1 5a 
of the casing 1 15 is satisfactory, then any uncured portion of the nraterlal 255 within the 

25 expanded tubular member 210 is thm removed in a oonventkmal manr>er such as, for 
example, drculaUng the uncured material out of the interior of the expanded tubular 
member 21 0. The expansion cone 205 is then pulled out of the wellbore sectton 1 30 
and a drill bK or mill is used in combinatk)n with a conventional drilling assembly to drill 
out any hardened material 255 within the tubular nmmber 21 0. In a preferred 

30 embodiment, the material 255 within the annular region 260 is then albwed to fully 
cure. 

As illustrated In FIG. 20, the bottom portion 305c of the shoe 305 nruiy then be 
removed by drilling out the bottom portion of the shoe using conventtonal drilling 
methods. The wellbore 100 niay then be extended in a oonventk>nal nnanner using a 
35 conventional drilling assembly. In a preferred embodiment, the inskle diameter of the 



22 

extended portion of the wellbore is greater than the inside diameter of the radially 
expanded shoe 305. 

The method of FIGS. 12-20 may be repeatedly perfonned in order to provide a 
mono-diameter wellbore casing that indixies overlapping wellbone casings. The 

5 overlapping wellbore casing preferably include outer annular layers of ftuidic sealing 
material. Alternatively » the outer annular layers of flukjic sealir^ material may be 
omitted. In this manner, a mono-diameter wellbore casir^ may be formed within the 
subterranean formation that extends for tens of ttousands of feet Mc^ generally still, 
the teachings of FIGS. 12-20 may be used to form a mono^iameter wellbore casing, a 

10 pipeline, a structural support, or a tunnel within a subterranean formation at any 
orientation from the vertical to the horizontal. 

In a preferred embodiment, the formation of a mono-diameter wellbore casing, 
as illustrated in FIGS. 1 2-20, is further provided as disclosed in one or more of the 
following: (1 ) U.S. patent application serial no. 09/454,1 39, attorney docket no. 

15 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, 
attorney docket no. 25791.7.02, filed on 2/23/2(X)0, (3) U.S. patent application serial 
no. 09/502.350, attorney docket no. 25791 .8.02, filed on 2/10/2000, (4) U.S. patent 
appficatk>n serial no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, 
(5) U.S. patent application serial no. 09/523,460, attorney docket no. 25791.11.02, filed 

20 on 3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.1Z02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attomey docket no. 25791 .16.02, filed ori 2/24/2000, (8) U.S. patent application serial 
no. 09/588,946, attomey docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. patent 
applicatk)n serial no. 09/559,122, attomey docket no. 25791.23.02, filed on 4/26/2000, 

25 (10) PCT patent application serial no. PCT/USOQ/18635, attomey docket no. 
25791.25.02, filed on 7/9/2000, (11) U.S. (HX>vlsional patent application serial no. 
60/162,671. attomey docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. pnavisk>nal 
patent appticatk>n serial no. 60/154.047, attomey docket no. 25791.29, filed on 
9/16/1999, (13) U.S. provisional patent appllcatton serial no. 60/159,082, attomey 

30 docket no. 25791.34. filed on 10/12/1999, (14) U.S. provistenal patent application serial 
no. 60/159,039, attomey docket no. 25791.36, filed on 10/12/1999. (15) U.S. 
provistenal patent application serial no. 60/159,033, attomey docket no. 25791.37, filed 
on 10/12/1999, (16) U.S. provisional patent applicatk)n serial no. 60/212,359, attomey 
docket no. 25791.38, filed on 6/19/2000, (17) U.S. provistonai patent application serial 

35 no. 60/165,228, attomey docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

provisional patent appllcatk>n serial no. 60/221,443, attomey docket nd. 25791.45, filed 
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on 7/28/2000, (19) U.S. provisional patent application serial no. 60/221 ,645, attorney 
docket no. 25791.46, filed on 7/28/2000, (20) U.S. provisional patent application serial 
no. 60/233,638, attorney dodcet no 25791 .47, filed on 9/18/2000, (21 ) U.S. provisional 
patent application serial no. 60/237,334. attorney docket no. 25791.48, filed on 
5 10/2/2000, and (22) U.S. provisional patent application serial no. 60/262,434, attorney 
docket no. 25791.51, filed on 1/17/2001, the disctosures of which are incorporated 
herein by reference. 

In several alternative emtxxliments. the apparatus 200 and 300 are used to 
fonn and/or repair wellbore casings, pipelines, and/or stmcturai supports. 

10 In several alternative emtxxliments, the folded geometries of the shoes 21 5 and 

305 are provkled in accordance with the teachings of U.S. Patent Nos. 5,425,559 
and/or 5,794,702, ttie disctosures of which are incorporated herein by reference. 

An apparatus for forming a wellbore casing in a borehole located in a 
subterranean formation indiKlIng a preexisting wellbore casing has been described that 

15 includes a support member including a first fluid passage, an expansicm cone coupled 
to the support member including a second fluid passage fluididy coupled to the first 
fluid passage, an expandable tubular liner movably coupled to the expansion cone, and 
an expandable shoe coupled to the exparxlable tubular liner. In a preferred 
embodiment, the expansion cone is expandable. In a prefierred embodiment, the 

20 expandable shoe includes a valveable fluid passage for controlling the flow of fluMic 
materials out of the expandable shoe, in a preferred embodiment, the exparuteible 
shoe includes: an expandable portk)n and a remaining portion, wtierein the outer 
drcunrrference of the expandable portion is greater than tt)e outer drcunriferenra 
remaining portion. In a prefened embodiment, the expandable portion includes: one or 

25 more inward folds. In a preferred embodiment the expandable portion includes: one or 
more corrugattons. In a prefened embodiment, the expandable shoe includes: one or 
more inward folds. In a preferred embodiment, the expandable shoe includes: one or 
nx)re corrugations. 

A shoe has also been described tttat includes an upper annular portk>n, an 

30 intermediate annular portton, and a lower annular portion, wherein the Intermediate 
annular portion has an outer circumference that is larger than ttie outer drcumferenoes 
of the upper and lower annular porttons. In a prsfenad embodiment, the lower annular 
portion indudes a valveable fiukl passage for controlling the flow of fluidic materials out 
of ttie shoe. In a prefened embodiment, the intmnediate pc^tton indudes one or nrK>rB 

35 inward foMs. In a prefened embodiment, the Intemnediate portton indudes one or more 
corrugations. 
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A method of forming a wellbore casing in a subterranean formation having a 
preexisting wellt)ore casing positioned in a txxehole has also been described that 
includes installing a tubular liner, an expansion cone, and a shoe in the borehole, 
radially expanding at least a portion of the shoe by injecting a fluidic material Into the 

5 shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material Into the borehole below the expansion cone. In a preferred embodiment, the 
method further includes radially expanding the expar^ion cone. In a preferred 
embodiment, the method lurVtm includes lowering tte expansion cone into the radially 
expanded portion of the shoe, and radially expanding the expansion cone. In a 

10 preferred embodiment, the method further includes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expanston cone. In a preferred embodiment, the method further 
Includes injecting a hardenabie fluidic sealing material into an annulus between the 
tubular liner and the boehole. In a preferred embodiment, the method further includes 

1 5 radially expanding at least a portion of the preexisting wellbore casing. In a preferred 
embodiment, the method furttier includes overiappir^ a portion of the radially 
expanded tubular liner with a portion of the preexisting wellbore casing. In a preferred 
embodiment, the inside diameter of the radially expanded tubular liner is substentiatly 
equal to the inside diameter of a nonoveriapping portion of the preexisting wellbore 

20 casing. In a preferred embodiment, the method further includes applying an axial force 
to the expansion cone. In a preferred embodiment, the inside diameter of the radially 
expanded shoe Is greater than or equal to the inside diameter of the radially expanded 
tubular liner. 

An apparatus for forming a welibore casing in a subterranean formation having 
25 a preexisting wellbore casing positioned in a borehole has alto been described that 
includes means for instelling a tubular liner, an expansion cone, and a shoe in the 
borehole, nneans for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portion of the tubular lirwr. In a preferred embodiment, the 
apparatus further includes means for radially expanding the expansion cone. In a 
30 prefemed embodiment, the apparatus further includes means for towering the 

expansion cone Into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a prefennM errdxxliment, the apparatus further 
includes means for injecting a fluidic material into the borehole below the radially 
expanded expansion cone. In a preferred embodiment, the apparatus further includes 
35 means for injecting a hardenabie fluidic sealing material into an annulus between the 
tubular liner and the borehole. In a preferred embodiment, the apparatus further 
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includes means for radially expanding at least a portion of the preexisting wellbore 
casing. In a preferred embodiment, the apparatus further includes means for 
overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing. In a preferred embodiment, the Inside diameter of the 
5 radially expanded tubular liner is substantially equal to tiie inside diameter of a 

nonbvertapping portion of the preexisting wellbore casing. In a preferred embodiment, 
the apparatus further Includes means for applying an axial force to the expansion cone. 
In a preferred embodiment, the inside diameter of the radially expanded shoe is greater 
than or equal to the insUe diameter of the radially expanded tubular liner. 

10 An apparati^ for fomning a wellbore casing within a subterranean formation 

including a r^xteting wellbcm casing positioned in a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overiapping portion of the preexisting wellbore casing. The 
inside diameter of the radially expanded tubular liner is substantially equal to the inside 

1 5 diameter of a non-overtapping portion of the preexisting wellbore casing. 

A wellbore casing positioned in a borehole within a subterranean formatim has 
also been descrit)ed that includes a first weltt)ore casing and a second wellbore casing 
coupled to and overiapping with the first wellbore casing, wherein the second wellbore 
casing is coupled to the first wellbore casing by the process of: Installing the second 

20 wellbore casing, an expansion cone, and a shoe In the borehole, radially expanding at 
least a portion of the shoe by injecting a fluidic material into the shoe, and radially 
expanding at least a portion of the second wellbore casing by injecting a fluidic material 
into the borehole below the expansion cone. In a preferred embodiment, the process 
for forming the wellbora casing further includes radially expanding the expansion cone. 

25 in a prafened embodiment, thai process for forming the wellbore casing further includes 
low^ing the expansion cone Into the radially expanded portion of the shoe, and radially 
expanding the expansion cone, in a prefenred embodiment, the process for fomting the 
welltxxe casing further includes radially expanding at least a portion of the shoe and 
the second wellbore casing by injecting a fluidic material into the borehole below the 

30 radially expanded expansion cone. In a preferred embodiment, the process for fonning 
the wellbore casing further includes injecting a hardenable fluidic sealing material into 
an annulus between the secorxl wellt)ore caslr^ and the t>orehole. In a preferred 
emtxxllment, the prcx»ss for fonning the wellbore casing further includes radially 
expanding at least a portion of the first wellbore casing. In a preferred embodiment, 

35 the process for fbnming the wellbore casing further includes overiapping a portion of the 
radially expanded second wellbore casing with a portion of the first wellbore casing. In 
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a preferred embodiment, the inside diameter of the radially expanded second wellbore 
casing is $ut>stantlalty equal to the inside diameter of a nonoverlapping portion of the 
first welit>ore casing. In a preferred entt)odiment, the process for forming the weilt)ore 
casing further indudes applying an axial force to the expansion cone. In a prefenBd 

5 embodiment, the inside diameter of the radially expanded shoe is greater than or equal 
to the Inside diameter of the radially expanded second wellbore casing. 

. A method of forming a tubular structure in a subtenranean f onmation having a 
preexisting tubular mmiber positioned in a borehole has also been described that 
includes installing a tubular liner, an ex^^nsion cone, and a shoe In the borehole. 

10 radially expanding at least a portion of the shoe by injecting a fluidlc material into the 
shoe, and radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. In a preferred embodiment, the 
method ftalher includes radially expanding the expansion cone. In a prefenBd 
embodiment, the method furth^ indudes lowering the expansion cone into.the radially 

15 expanded portion of the shoe, and radlalty expanding the expansion cone. In a 

preferred embodiment, the method further indudes radially expanding at least a portion 
of the shoe and the tubular liner by injecting a fluidic material into the borehole below 
the radially expanded expansion cone. In a preferred embodiment, the method further 
indudes injecting a hardenable fluidic sealing material Into an annuliis between the 

20 tubular liner and the borehole. In a prefemed embodiment, the method further indudes 
radially expanding at least a portion of the preexistirtg tubular member. In a preferred 
embodiment, the method further Indudes overlapping a portion of the radially 
expanded tubular liner with a portion of the preexisting tubular member. In a preferred 
embodinient, the inside dtameter of the radially expanded tubular liner is substantially 

25 equal to the inside diameter of a ntmovertapping portion of the preexisting tubular 
member. In a preferred embodinrmnt, the nriethod further Indudes applying an 
force to the expansion cone, in a preferred emixxiiment, the inside diameter of the 
radially expanded shoe is greater than or equal to the inside diameter of the radially 
expanded tubular liner. 

30 . An apparatus fcx* forming a tubular structure in a subterranean formation having 
a preexisting tutxjiar member positioned in a borehole has also been described that 
indudes means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole, means for radially expanding at least a portion of the shoe, and means for 
radially expanding at least a portton of the tubular liner, in a preferred enrttxxliment, the 

35 apparatus further indudes means for radially expanding the expansion cone. In a 
preferred embodiment, the apparatus further indudes means for lowering the 
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expansbn cone into the radially expanded portion of the shoe, and means for radially 
expanding the expansion cone. In a preferred emt>odtment, the apparatus furth^^ 
includes means for injecting a fluidic material into the borehole t^low the radially 
expanded expansion cone. In a prefenned embodiment, the apparatus further includes 

5 means for injecting a hardenabte fiukiic sealing material into an annulus tMtween the 
tubular liner and the bcnehole. in a prefened embodiment, the apparatus further 
includes means for radially expanding at least a portion of the preexlstirig tubular 
memt)er. In a preferiBd embodiment, the apparatus further includes means for 
ON^apping a portion of the radially expanded tubular liner wKh a portion of the 

10 preexisting tubular member. In a preferred embodiment, the inside diameter of ttie 
radially expanded tubular liner is substantially equal to the inside diameter of a 
nonoverlapping portion of the preexisting tubular member. In a preferred embodiment, 
the apparatus further includes means for applying an axial force to the expansion cone. 
In a preferred embodiment, ttie inskte diameter of \he radially expanded shoe is greater 

15 than or equal to the inside diameter of tiie radially expanded tubular liner. 

An apparatus for forming a tubular structure within a subterranean formation 
including a preexisting tubular member positioned in a borehole has also been 
described that includes a tubular liner and means for radially expanding and coupling 
the tubular liner to an overlapping portion of the preexisting tubular member. The 

20 inside diarneter of the radially expanded tubular liner is substantially eqi^l to ttie inside 
diarneter of a non-overlapping portion of ttie preexisting tubular member. 

A tubular structure positioned in a borehole within a subterranean fbnration has 
also been desa1t)ed that includes a first tubular memt>er and a second tubular member 
coupled to and overlapping with the first tubular member, wherein the second tubular 

25 member is coupled to the first tubular member the process of. installing ttie second 
tutHJiar member, an expansion cone, and a shoe in the borehole, rsKlially expanding at 
least a portion of the shoe by injecting a fluidic notorial into ttie shoe, and radially 
expanding at least a portion of the second tubular member t>y injecting a fluidic material 
into the borehole below the expansbn cone. In a preferred ernbodiment, ttie process 

30 for fonming the tubular structure further includes radially expanding ttie expansion cone. 
In a preferred embodiment, the process for forming the tubular stnicture further 
includes lowering tiie expansion cone into ttie radially expanded portion of ttie shoe, 
and radially expanding the expansion cone. In a preferred embodiment, ttie process 
for forming the tulHJlar structure further includes radially expanding at least a portion of 

35 the shoe and the second tubular nriemt)er by injecting a fluidic material into ttie 

t>orehole below the radially expanded expansion cone. In a prefmed embodiment, ttie 



28 



process for forming the tubular structure further includes injecting a hardenable fluidic 
sealing material Into an annulus between the second tubular otember and the borehole. 
In a preferred embodiment, the proc^ for forming the tubular structure further 
includes radially expanding at least a portion of the first tubular member. In a preferred 

5 embodiment, the process for forming the tubular structure further includes overlapping 
a portion of the radially expanded second tubular member with a portion of the first 
tubular member. In a preferred embodiment, the inside diameter of the radtelly 
expanded second tubular member is sut>stantially equal to the inside diameter of a 
nonoverlapping portion of the first tubular member. In a preferred embodiment, the 

1 0 process for forming the tubular structure further includes applying an axial force to the 
expansion cone. In a prefened embodiment, the inside dianDeter of the radially 
expanded shoe Is greater than or equal to the inside diameter of the radially expanded 
second tubular member. 

Although Illustrative embodiments of the invention have been shown and 

15 described, a wide range of modification, changes and substitution is omtemplated in 
the foregoing disdosLffe. In some instances, some features of the present invention 
may be employed without a ponresponding use of the other features. Accordingly, it te 
appropriate that the appended claims be construed broadly and in a manner consistent 
with the scope of the invention. 



CLAIMS 
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1 . An apparatus for forming a wellbore casing within a subterranean formation 
Including a preexisting wellt)ore casing positioned in a borehole, comprising: 

5 a tubular liner, and 

means for radially expanding and coupling the tubular liner to an overlapping 
portion of the preexisting wellbore casing; 

wherein the inside diameter of the radially expanded tubular liner is eqtal to ttie 
inside diameter of a non-overtapping portion of the preexisting wellbore casing. 

10 

2. An apparatus for forming a tubular structure within a subterranean fbrmaUon 
including a preexisting tubular member positioned In a borehole, comprising: 

a tubular linen and 
means for radially expanding and coupling tiie tubular liner to an overtapptng 
15 portion of the preexisting tubular mentber. 

wherein the inside diameter of tiie radially expanded tubular liner is equal to tt)e 
inside diameter of a non-overlapping portion of the preexisting tubular member. 
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Claims 

1 . An apparatus for forming a welibore casing in a borehole located in a 
subterranean formation induding a preexisting weilbore casing, comprising: 

5 a support member including a first fluid passage; 

an expansion cone coupled to the support member induding a second fluid 

passage fluididy coupled to the first fluid passage; 
ah expandable tubular liner movably coupled to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner. 

10 

2. The apparatus of dairh 1 , wherein the expansion cone is expandable. 

3. The apparatus of daim 1 . wherein the expandable shoe indudes a valveabie fluid 
passage for controlling the flow of fluidlc materials out of the expandable shoe. 

15 . 

4. The apparatus of dalm 1 , wherein the expandable shoe indudes: 
an expandable portion; and 

a remaining portion coupled to the expandable portion; 
wherein the outer drcumference of the expandable portion is greater than the 
20 outer drcumference of the remaining portion. 

5. The apparatus of claim 4, wherein the expandable portion indudes: 
one or more inward folds. 

25 6. The apparatus of dalm 4» wherein the expandable portion indudes: 
one or mors corrugations. 

7. The apparatus of dalm 1 . wherein the expandable shoe Indudes: 
one or more Inward folds. 

30 

8. The apparatus of dalm 1 , wherein the expandable shoe indudes: 
one or more corrugations. 

9. A shoe, comprising: 

35 an upper annular portion; 

an intermediate annular portion coupled to the upper annular portion; and 
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a lower annular portion coupled to the intermediate portion; 

wherein the intermediate annular portion has an (Hiter drcunnferenoe that is 

larger than the outer drcumferenoes of the upper and lower annular 

portions. 

5 

10. The shoe of daim 9, wherein the lower annular portion indudes a valveable fluid 
passage for controilir^ the flow of fluidic materials out of the shoe, 

1 1 . The shoe of daim 9, wherein the intermediate (K>rtion indudes: 
10 one or more inward folds. 

1 2. The shoe of daim 9, wherein the intermediate portion indudes: 
one or more corrugations. 

15 13. A method of fonming a wetlbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

installing a tubular liner, an expansicKi cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluidic nrmterial 
into the shoe; and 

20 radially expanding at least a pbrtton of the tubular liner by injeding a fluidic 

material into the boretole below the expansion cone. 

14. The method of daim 13. further comprising: 
radially expanding the expansion cone. 

25 

15. Tf^ method of daim 13, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

30 16. The method of daim 15, further comprising: 

radially expandirtg at least a portion of the shoe and the tubular liner by injecting 
a fluidic material Into the borehole below the radially expanded 
expansion cone. 



35 17. The method of daim 1 3, further comprising: 
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injecting a hardenable fluidic seaUng material into an annulus between the 
tubular liner and the borehole. 

The method of daim 13, further comprising: 
radially expanding at least a portim of the preexisting wellbore casing. 

1 9. The method of dalm 1 8, further comprising: 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting wellbore casing, 

10 

20. The nr^thod of dalm 19, wherein the inside diameter of the radially expanded 
tubular liner is substantially equal to or greater than the inside diameter of a 
rK)novertapping portton of the preexisting wellbore casing. 

15 21. The method of daim 18, further comprising: 
applying an a)dal force to the expansion cone. 

22. The method of daim 13, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 

20 expanded tubular liner. 

23. An apparatus for forming a wellbore casing in a subterranean formation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
25 borehole; 

means for radially expanding at least a pcxtion of the shoe by injecting a fluidic 

material into the shoe; and 
means for radially expanding at least a portion of the tubular liner by Irijecting a 

fluidic material into the borehole below the expansion cone. 

30 

24. The apparati^ of daim 23, further comprising: 
means for radially expanding the expansion cone. 



18, 

5 



25. 

35 



The apparatus of daim 23, furthidr comprising: 

mearts for lowering the expansion cone into the radially expanded portion of the 
shoe; and 
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means for radially expanding the expansion cone. 

26. The apparatus of daim 25. further comprising: 

means for injecting a fluidic matertal into the t)or8hole t>eiow the radially 
expanded expansion cone. 

27. The apparatus of daim 23, further comprising: 

mear^ for injecting a hardenable fluidic sealing material into an annulus 
between the tubular liner and the borehole. 

28. The apparatus of daim 23, further comprising: 

means for radially expanding at least a portion of the preexisting wellbore 
casing. 

29. The apparatus of daim 28, further comprising: 

means for overlapping a portion of the reKlially expanded tubular liner with a 
portion of the preexisting wellbore casing. 

30. The apparatus of daim 29, wherein the inside diameter of the radially expanded 
tubular liner Is substantially equal to the inside diameter of a nonoverlapping portion of 
the preexisting wellbore casing. 

31 . The apparatus of daim 28, further comprising: 

means for applying an axial force to the expansion cone. 

32. The apparatus of daim 23, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

33. An apparatus for forming a wellbore casing within a subterranean formation 
induding a preexisting wellbore casing positioned in a borehole, comprising: 

a tubular liner, and 

means for r^ially expanding and coupling the tubular liner to an overlapping 
portion of the preexisting wellbore casing; 
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wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside dianrveter of a non^verlapping portion of 
the preexisting wellbore casing. 

34. A wellbofB casing positioned In a borehole within a subtenanean formation, 
comprising: 

a first wellbore casing; and 

a second wellbore casing coupled to and overtapping with the first wellbore 
casing; 

wherein the second wellbore casing is coupled to the first wellbore casing by 
the process of : 

installing the second wellbore casing, an expansion cone, and a shoe in 
the borehole; 

radially e)q>andtng at least a portion of the shoe by injecting a fluidic 

material into the shoe; and 
radially expanding at least a portion of the second wellbore casing by 

irtjecUng a fluidic material into the tK)r^ole below the expansion 

cone. 

35. The wellbore casing of daim 34, wherein the process further comprises: 
radially expanding the expansion cone. 

36. The wellbore casing of daim 34. wherein the process further comprises: 
lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

37. The weilbore casing of daim 36. wherein the process further comprises: 
radially expanding at least a portion of the shoe and the second wellbore casing 

by Irijecting a fluidic material into the borehole below the radially 
expanded expansion cone. 

38. The wellbore casing of daim 34, wherein the process further comprises: 
Injecting a hardenable fluidic sealir^ material into an annulus between the 

second wellbore casing and the borehole. 



39. The weHbore casing of daim 34, wherein the process further comprises: 
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rad^lly expanding at least a portton of the first wellbore casing. 

40. The welltxKB casing of daim 39. wherein the process further comprtees: 

overlapping a portion of the radially expanded second wellbore casing with a 
portion of the first wellt>ore casing. 

41 . The welltx>rB casing of dalm 40, wherein the inside dianrreter of the radially 
expanded second wellbore casing is substantially equal to the Inside diameter of a 
nonoverlapping portion of the first wellbore casing. 

42. The wellbore casing of daim 39» wherein the process further comprises: 
applying an axial force to the expansbn cone. 

43. The wellbore casing of daim 34, wherein the Inside dlanrieter of the radially 
expanded shoe is greater than or substantially equal to the inside diameter of the 
radially expanded second wellbore casing. 

44. A method of forming a tubular structure in a subten^nean fonnation having a 
preexisting tubular member positioned in a borehole, comprising: 

Installing a tubular liner, an expansion cone, and a shoe in the borehole; 
radially expanding at least a portion of the shoe by injecting a fluldic material 
into the shoe; and 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material into the borehole below the expansion cone. 

45. The method of daim 44. further comprising: 
radially expanding the expansion cone. 

46. The method of daim 44, further comprising: 

lowering the expansion cone into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

47. The method of daim 46, further comprising: 

radially expanding at least a portion of the shoe and the tubular liner by injecting 
a fluidic material into the borehole below the radially expanded 
expansion cone. 
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48. The method of daim 44, further oomprising: 

injecting a hardenable fluidic sealing material into an annulus between the 
tubular liner and the borehole. 

49. The method of daim 44, further COTtprising: 

radially expanding at least a portion of the preexisting tubular member. 

50. The method of daim 49, further comprising: 

1 0 overlapping a portion of the radially expanded tubular liner with a portion of the 

preexisting tubular member to provide a load bearing interfece and a 
fluidicseal. 

51 . The method of daim 50, wherein the inside diameter of the radially expanded 
15 tubular liner is substantially equal to the inside diameter of a. nonoverlapping portion of 

the preexisting tubular member. 

52. The nrwihodol daim 49, further oomprising: 
applying an axial force to the expansion cone. 

20 

53. The method of daim 44, wherein the inside diameter of the radially expanded 
shoe is greater than or substantially equal to the inside diameter of the radially 
expanded tubular liner. 

25 54. An apparati^ for fomdng a tubular structure in a subtenranean fomnafion having a 
preexisting tubular member positioned in a borehole, oomprising: 

means for installing a tubular liner, an expansion cone, and a shoe in the 
borehole; 

means for radially expandirtg at least a portion of the shoe; and 
30 means for radially expanding at least a portton of the tubular liner. 

55. The apparatus of daim 54, further oomprising: 

means for radially expanding the expansion cone. 



35 56. The apparatus of daim 54, further comprising: 
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means for lowering the expansion cone into the radially expanded portion of the 
shoe; and 

means for radially expanding the expansion cone. 

5 57. Tto apparatus of claim 56, further comprising: 

means for injecting a fluldic material into the borehole below the radially 
expanded expansim cone. 

58. The apparatus of daim 54, further comprising: 

1 0 means for injecting a hardenable fluklic sealing material into an annuius 

between the tubular liner and the borehole. 

59. The apparatus of daim 54, further comprising: 

means for radially expanding at least a portion of the preexisting tubular 
15 memt)er. 

The apparatus of daim 59, further comprising: 
meians for overiapping a portion of the radially expand^ tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fluidic seal. 

61 . The apparati^ of daim 60, wherein the inside diameter of the radially expanded 
tubular liner Is substantially equal to the inside diameter of a nonoveriapping portion of 
the preexisting tubular nnemt>er. 

25 

62. The apparatus of daim 59, further comprising: 

means for applying an axial force to the expansion cone. 

63. The apparatus of daim 54, wherein the Inside diameter of the radteilly expanded 
30 shoe is greater than or substantially equal to the Inside diameter of the radially 

exparKied tubular liner. 

64. An apparatus for forming a tubular structure within a subterranean fbrmatton . 
induding a preexisting tubular member positioned in a borehole, comprising: 

' 35 a tubular linen and 



60. 
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means for radially expanding and coupling the tubular liner to an overlapping 

portion of the preexisting tubular menrtber; 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a non-overlapping portion of 

the preexisting tubular member. 

65. A tubular structure positioned in a borehole within a subterranean fbmiatbn, 
contprising: 

a first tubular memben and 

a second tubular member coupled to and overlapping with the first tubular 
memben 

wherein the second tubular member te coupled to the first tubular member by 
the process of: 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole;. 

radially expanding at least a portion of the shoe by injecting a fluidic 

material Into the shoe; and 
radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into the borehole below the expansion 

cone. 

66. The tubular structure d dalm 65, wtierein the process further comprises: 

radially expanding the expansion cone. 

67. The tubular stmcture of daim 65, wherein the process further comprises: 

lowering the expansion cone Into the radially expanded portion of the shoe; and 
radially expanding the expansion cone. 

68. The tubular structure of daim 67, wherein the process further comprises: 

radially exparKiing at least a portion of the shoe and the second tubular member 
by injecting a fluidic material into the borehole below the radially 
expanded expansion cor^. 



69. 



The tubular structure of daim 65, wherein the process further comprises: 
injecting a hardenaUe fluidic sealing material into an annulus between the 
second tubular member and the borehole. 
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70. The tubular structure of daim 65, wherein the process furttw comprises: 

radially expanding at least a portion of the first tubular member. 

71 . The tubular structure of daim 70, wherein the process further comprises: 

overlapping a portion of the radially expanded second tubular member with a 
portion of the first tubular men^r. 

72. The tubular structure of daim 71 , wherein the inside diameter of the radially 
expanded second tubular member is substantially equal to the inside diameter of a 
nonovertapping portion of the first tubular member. 

73. The tubular structure of daim 70. wherein the process further comprises: 

applying an axial ftMToe to the expansion cone. 

74. The tubular structure of daim 65, wherein the inside diameter of the radially 
expanded shoe is greater than or sut>stantfally equal to the inside diameter of the 
radially expanded second tubular member. 

75. An apparatus for forming a wellbore casing in a borehole located in a 
subterranean fbnmation Induding a preexisting wellbore casing, comprising: 

a support member induding a first fluid passage; 

an expandable expansion cone coupled to the support member Induding a 

second fluid passage fluididy coupled to the first fluid passage; 
an exparKJabte tubular liner movably oxjpied to the expansion cone; and 
an expandable shoe coupled to the expandable tubular liner compridng: 

a valveable fluid passage for controlling the flow of fluldic materials out 
of the expandable shoe; 

an expandable portion Induding one or more inward folds; and 

a remaining portion coupled to the exparKlable portton; 

wherein the outer drcumference of the expandable portion is greater 
than the outer drcumference of the remaining portion. 

76. A shoe, comprising: 

an upper annular portion; 
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an intermediate annular portion coupled to the upper annular portion including 

one or nriore inward folds; and 
a lower annular portion coupled to the intenmediate portion Including a 

valveable fluid passage for controlling the flow of fluidic materials out of 
5 the shoe; 

wherein the Intemnediate annular portion has an outer circumference that is 

larger than the outer circumferences (rf the upper and lower annufar 

portions. 

10 77. A method of fbmiing a wellt>ore casing In a subterranean fonmation having a 
preexisting wellbore casing positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe In the tx)r6hole; 
radially expanding at least a portion of the shoe by injecting a fluidic material 
Into the shoe; 

15 lowering the expansion cone Into the radially expanded portion of the shoe; 

radially expanding the expansion cone; 

radially expanding at least a portion of the tubular liner by injecting a fluidic 
material Into the borehole below the expansion cone; and 

overiapping a portion of the radially expanded tubular liner with a portion of the 
20 preexisting wellbore casing; 

wherein the inside diameter of the radially expanded shoe is greater than or 
substantially equal to the inside diameter of the radially expanded 
tubular linen and 

wherein the inside dianieter of the radially expanded tubular liner is 
25 substantially equal to or greater than the inside diameter of a nohoveriapping 

portion of the preexisting wellbore casing. 

78. An apparatus for fonming a wellbore casing in a subtenranean fbnr^tlon having a 
preexisting wellbore casing positioned in a bcmhole, comprising: 
30 means for Installing a tubular liner, an expansion cone, and a shoe in the 

borehole; 

means for radially expanding at least a pcxtlon of the shoe by injecting a fluidic 

maiterial into the shoe; 
means for lowering the expansion cone into the radially expanded portion of the 
35 shoe; 

means for radially expanding the expansion cone; 
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means for radially expanding at least a portion of the tubular liner by injecting a 
fluidic material into the borehole below the radially expanded expansion 
cone; 

means for radially expanding at least a portion of the preexisting weilbore 
5 casing; and 

means for overlapping a portion of the radially expanded tubular liner with a 

portion of the prMxisting weilbore casing; 
wherein tiie inside diameter of the radially expanded shoe is greater than or 

substantially equal to the inside diameter of the radially expanded 
10 tubular liner, and 

wherein the inside diameter of tiie radially expanded tubular liner is 

substantially equal to the inside diameter of a norK>ver1apping portion of 

the pree}dsting wellbors casing. 

15 70. A weilbore casir^ positioned in a borehole wltiiin a subtenranean fonmation, 
comprising: 

a first weilbore casing; and 

a second weilbore casing coupled to and overlapping with the first weilbore 
casing; 

20 wherein ttie second weilbore casing is coupled to the first weilbore casing by 

the process of : 

installing ttie second weilbore casing, an expansion cone, and a shoe in 
the borehole; 

radially expanding at least a portion of ttie shoe by injecting a fluidic 
25 material into the shoe; 

lowering the expansion cone into ttie radially expanded portion of the 
shoe; 

radially expanding ttie expansion cone; 

radially expanding at least a portion of ttie second weilbore casing by 
30 injecting a fluidic material Into ttie borehole below the radially 

expanded expansion cone; and 



overlapping a portion of tiie radially expanded second weilbore casing 
witti a portion of the first Weilbore casing; 
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wherein the inside diameter of the radially expanded shoe is greater 
than or sut>stantialty equal to the Inside diameta- of the radially 
expanded second wellbore casing; and 

wherein the inside diameter of the radially exparKled second welttKm 
casing Is substantiaily equal to the inside diameter of a 
nonoverlapping portion of the first wellbore ceding. 

80. A method of forming a tubular structure in a subterranean fonmatton having a 
preexisting tubular member positioned in a borehole, comprising: 

installing a tubular liner, an expansion cone, and a shoe in the borehoje; 

radially expanding at least a portion of ttie shoe by injecting a fluidic material 
into the shoe; 

lowering the expansion cone into the radially expanded portion of the shoe; 
radially expandlr^ the expansion cone; 

radially expanding at least a portion of the tubular liner by Injecting a fluidic 

material into me borehole below the radially expanded expansion cone; 
and 

overlapping a portion of the radially expanded tubular liner with a portion of the 
preexisting tubular member to provide a load bearing intertace and a 
fluidic seal; 

wherein the Inside diameter of the radially expanded shoe is greater than or 

substentially equal to the inside diameter of the radially expanded 

tubular linen and 
wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the inside diameter of a nonoverlapping portion of 

the preexisting tubular member. 

81 . An apparatus for fonming a tubular structure in a subterranean fonnation having a 
preexisting tubular member positioned in a borehole, comprising: 

means for Installing a tubular Hner, an expansion cone, and a shoe in the 
borehole; 

means for radially expanding at least a portton of the shoe; 
nneans for lowering the expansion cone into the radially expanded portton of the 
shoe; 

means for radially expanding the expansion bone; 

means for radially expanding at least a portion of the tubular liner; and 
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means for overlapping a portion of the radially expanded tubular liner with a 
portion of the preexisting tubular member to provide a load bearing 
interface and a fluidic seal; 

wherein the inside diameter of the radially expanded shoe is greater than or 
5 substantially equal to the inside diameter of the radially expanded 

tubular liner; and 

wherein the inside diameter of the radially expanded tubular liner is 

substantially equal to the ir^ide diameter of a nonoverlapping pc^on of 
the preexisting tubular member. 

10 

82. A tubular statcture positioned in a borehole within a subtenranean fbnnation. 
comprising: 

a first tubular member; and 

a second tubuldr member coupled to and overlapping with the first tubular 
15 member; 

wherein the seoorul tubular member is coupled to the first tubular member by 
the process of : 

installing the second tubular member, an expansion cone, and a shoe in 
the borehole; 

20 radialty expanding at least ia portion of the shoe by injecting a fluidic 

material into the shoe; 
lowering the expansion cone into the radially expanded portton of the 
shoe; 

radially expanding the expansion cone; 
25 radially expanding at least a portion of the second tubular member by 

injecting a fluidic material into the borehole below the radially 
expanded expansion cone; arKi 
overtapping a portion of the radialty expanded second tubular member 
with a portion of the first tubular member, 
30 wherein the inside diameter of the radially expanded shoe is greater 

than or substantially equal to the Inside diameter of the radially 
expanded second tubular member, and 
virherein the inside dianteter of the radially expanded second tubular 
member is substantially equal to the inside diameter of a 
35 nonoverlapping portion of the first tubular member. 
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